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TOGNG QUAN UNG DUNG TRi TUE NHAN TAO
TRONG CA THE HOA PIEU TRIY HOC CO TRUYEN
Pham Xuan P2, Nguyén Viét Nhung® D6 Hoang Ngoc Mai'
TOM TAT
Sy tich hop cua tri tué nhan tao (AI) vao Y hoc cd truyén (YHCT) dang ndi 1én nhu mot
hudng tiép can tiém nang nham khic phuc cac han ché ¢ hitu lién quan dén tinh chu quan, thiéu
chuan hoa va thiéu hut bang chirg khoa hoc. Nghién ciru nay nham phan tich céc co ché ky
thuat ma qua d6 AT gép phan chuan hoa chan doan va ca thé hoa bai thude, tir d6 thuc day qua
trinh chuyén d6i YHCT theo huéng y hoc dia trén bang chirng. Nghién ctru tong hop cac tién
bd gan day trong hoc may, hoc sau, xir Iy ngén ngit tu nhién, thi gidc may tinh, do thi tri thirc
va mang no-ron dd thi trong bdi canh thuc hanh 1am sang YHCT. Trong tdm duoc dit vao hai
linh vuc chinh: (i) chuan hoa chan doan thong qua s6 hoa hé théng “Ti chan” va mé hinh hoa
bién chirng luén tri; (i1) ca thé hod bai thude dua trén cdc mo hinh khuyén nghi, mo hinh sinh va
céc thuat toan t6i wu hoa da muc tiéu. Két qua cho thay Al cho phép chuyén do6i quy trinh chan
doan dya trén kinh nghiém thanh hé thong dinh luong c6 kha nang tai lap thong qua viéc chuyén
doi dit liéu 1lam sang di thé thanh di liéu cé cau tric. Trong diéu tri, Al hd tro lua chon va tdi
wu hoa liéu lwong bai thude, ddng thoi dy bao doc tinh, twong tac duge liéu — thude va cac hiéu
ung hiép dong hodc d6i khang giira cac thanh phan Bén canh do, cac mo hinh Al cé kha nang
dién giai va kién tric “human-in-the-loop” gép phan nang cao tinh minh bach va kha nang chap
nhan trong 1am sang. Tuy nhién, viéc timg dung Al van ddi mit véi cac thach thie dang ké, bao
g6m chat lwong dit liéu chua cao, thiéu chuan hoa, han ché trong suy luin nhan qua, van dé dién
giai va sy thiéu hut khung phap 1y phu hop. Tong thé, Al khong thay thé vai tro cua thay thude
YHCT ma déng vai trd nhu mot cong cu hd trg, gop phan cing cd nén tang khoa hoc, tinh tai
1ap va dg tin cay cua thuc hanh 1am sang YHCT.

Tw khéa: Tri tué nhan tao; Y hoc ) truyén; Bién chimg luén tri; Ca thé hoa diéu tri; Y hoc
dya trén bang ching.

SUMMARY

ARITIFICIAL INTELLIGENCE IN PERSONALIZED TREATMENT
OF TRADITIONAL MEDICINE: A COMPREHENSIVE REVIEW

The integration of artificial intelligence (Al) into Traditional Medicine (TM) has emerged
as a promising approach to overcome inherent limitations related to subjectivity, lack of
standardization, and insufficient scientific evidence. This study aims to elucidate the technical
mechanisms through which Al contributes to the standardization of diagnostic processes and
the personalization of herbal prescriptions, thereby facilitating the transition of TM toward
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an evidence-based medicine framework. This
study synthesizes recent advances in machine
learning, deep learning, natural language
processing, computer vision, knowledge
graphs, and graph neural networks within the
context of clinical TM practice. Particular
emphasis is placed on two principal domains:
(1) the standardization of diagnosis through
the digitalization of the “four diagnostic
methods” and the computational modeling
of syndrome differentiation; and (i1) the
personalization of herbal prescriptions using
recommendation systems, generative models,
and multi-objective optimization algorithms.
The findings demonstrate that Al enables the
transformation of experience-driven diagnostic
processes into quantifiable and reproducible
systems by converting heterogeneous
clinical data into structured representations.
In clinical therapeutics, Al facilitates the
selection and optimization of herbal formula
compositions and dosages, while concurrently
predicting toxicity, herb—drug interactions,
and synergistic or antagonistic effects among
medicinal components. Furthermore, the
incorporation of explainable Al frameworks
and human-in-the-loop architectures enhances
both interpretability and clinical acceptability.
However, the implementation of Al in
TM remains challenged by several critical
issues, including suboptimal data quality,
lack of standardization, limitations in causal
inference, insufficient interpretability, and the
absence of appropriate regulatory frameworks.
Overall, Al should not be regarded as a
substitute for TM practitioners, but rather
as an augmentative tool that strengthens the
scientific rigor, reproducibility, and reliability
of clinical practice in Traditional Medicine.

Keywords: Artificial intelligence; Traditional
medicine; Syndrome differentiation; Personalized
treatment; Evidence-based medicine.
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LDAT VAN DE

Trong thap ky gan day, tri tué nhan tao
(Artificial Intelligence — AI) da noi 1én nhu
mot trong nhitng cong nghé nén tang thuc day
chuyén ddi sb trong y hoc, trong d6 Y hoc ¢b
truyén (YHCT) ngay cang tré thanh mot linh
vue thu hat sy quan tdm nghién ctiru ddng ké
[1]. Su gia tang nhanh chéng cuia cac cong
bd khoa hoc cho thay xu huéng tich hop Al
vao YHCT khoéng con mang tinh thir nghiém
riéng 1¢ ma dang dan hinh thanh mot huéng
nghién ctru c6 hé thong [1, 2]. Cac nghién ciru
tong quan gan day chi ra ring Al da dugc tng
dung trén nhiéu khia canh ctia YHCT, bao
goém hd tro chan doan, chuan hoa quy trinh
“Tr chan”, phan tich bénh an dién tir va toi
wu hoa bai thuoc [3-5]. Piac biét, su phat trién
cua cac ky thuat hoc sau (deep learning), xur
ly ngén ngit ty nhién (NLP) va hoc trén db thi
(graph learnmg) da cho phép khai thac h1eu
quéa cac ngudn dir liéu phirc tap va di thé von
la dic trung ciia YHCT [6, 7]. Phan 16n cac
nghién ctru hién nay tap trung tai Trung Qudc,
noi c6 hé sinh théi dir liéu va ha tang nghién
ctru trong dbi hoan chinh cho Y hoc ¢ truyén
Trung Qubc (TCM) [8]. Cac nghién ciru nay
khong chi dimg lai & mirc d6 phat trien thuat
toan ma da bat dau chuyén sang cac ing dung
cé tinh 1am sang, nhu hé théng hé tro chan
doan dua trén Al, mo6 hinh “da bénh — da hoi
chiing” va cac nén tang phan tich dir liéu thuc
té (real-world data) [9, 10]. Bén canh d0, cac
tong quan hé thong va scoping review ciing
ghi nhan xu huwéng mé rong ung dung Al sang
cac linh vyc lién quan nhu y hoc bo sung va
thay thé, cho thay tiém nang phd quat cua
cong nghé nay trong cac hé thong y hoc truyén
thong [11, 12].

Trong bdi canh hién dai, xu hudng chuyén
dich tr m6 hinh di€u tri “moét phac do6 cho
nhiéu bénh nhan” sang y hoc ca thé hoa
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(personalized medicine) dang tr¢ thanh mot
dinh hudng trung tam [12, 13]. Cach tiép cén
nay nhan manh viéc diéu chinh chién lugc diéu
tri dua trén dic diém sinh hoc, 1am sang va moi
truong cua ting ca thé, nham t6i wu hoa hiéu
qua va giam thiéu nguy co bat loi [14]. Pang
cha y, nguyén ly nay c6 sy tuong dong siu
sdc v6inén tang ciia Y hoc ¢6 truyén (YHCT),
noi “bién chung luan tri” da tir 1au dinh hinh
céch thitc c4 thé hoa diéu tri dva trén trang thai
toan thé ctia nguoi bénh. Tuy nhién, diém khéc
biét cot 161 nam & chd y hoc hién dai trién khai
c4 thé hoa trén nén tang dir liéu dinh luong
va bang ching khoa hoc, trong khi YHCT chu
yéu dua vao kinh nghiém lam sang cua théy
thudc [14, 15]. Song song véi do, v hoc dua
trén bang chimg (Evidence-based Medicine —
EBM) d4 tré thanh tiéu chuan vang trong danh
gia hiéu qua va an toan cua cac can thi€p y hoc
[16]. EBM yéu cau cac quyét dinh 1am sang
phai dya trén bang chung khoa hoc dang tin
cdy, c6 kha nang tai 1ap va duoc kiém ching
thong qua cac phuong phap nghién curu chat
ché [17]. Trong khi d6, YHCT mac du ¢6 lich
st 1au dai va hiéu qua thuc tién, lai gap nhiéu
kho khin khi tiép can khung EBM do dic tinh
da thanh phén, da muc tiéu cua bai thudc va
tinh bién thién cao trong chan doan ciing nhu
diéu tri. Viéc thiéu céc tiéu chi chuan hoa va
cong cu do luong dinh lwong khién nhiéu gia
tri cia YHCT kho duoc dién giai va danh gia
theo ngon ngit khoa hoc hién dai. Chinh trong
giao diém giira hai xu hudng nay véi xu hudng
ca the hod va EBM, nhu cau hién dai hod
YHCT tré nén cép thiét. Hién dai hod & day
khong don thuan 13 “k§ thuat hoa” cac phuong
phap truyén thong, ma 12 tai cdu tric hé thong
tri thirc YHCT theo hudng c6 thé dinh lwong,
chuan hoa va tich hop véi cac bang chiing sinh
hoc hién dai. Piéu nay doi hoi phai xay dung
dugc cac md hinh c6 kha ning lién két giira
biéu hién 1am sang & cap d6 vi mo (hdi chimg,
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tang phu) vdi céc co ché sinh hoc & cﬁp do vi mo
(phan tir, duong tin hi¢u), dong thoi duy tri dugc
tinh toan dién von c6 cia YHCT [16, 18].

Mic dii cac tién bo gan day cho thay tri tué
nhan tao c6 tiém niang dang ké trong viéc hd
tro chuan hoa chan doan va cé thé hoa diéu
tri trong Y hoc co truyén, cic bang chimg
hién c6 van tdn tai nhirng khoang trong quan
trong ca vé phuong phap luan 13n gia tri Gmg
dung 1am sang. Phan 16n cac nghién ctru hién
nay tiép can Al theo hudng bai toan don 1é,
tap trung vao tung khia canh riéng biét nhu
nhan dang hinh anh lu&i, phan tich mach, hay
khuyén nghi bai thube [19, 20]. Cach tiép can
phan manh nay chua phan anh day du ban chat
hé théng va lién két chit ché gitra cac budc
trong quy trinh lam sang YHCT, tir thu nhan
dir liéu, bién ching luan tri dén quyét dinh
diéu tri. Do d6, van thiéu mét khung phén tich
tich hop c6 kha ning mé ta mot cach hé thong
co ché ma Al tai c4u tric toan bd chudi gia
tri 1am sang cia YHCT. Pong thoi, méi lién
hé gifta cac ing dung Al va khung y hoc dua
trén bang chimg (EBM) van chua dugc lam
18, cac nghién ciru c6 thiét ké tham dinh 1am
sang hoac danh gié hiéu qua thuc té cua cac hé
théng AT trong YHCT con han ché, trong khi
cac tong quan hién cé chi yéu mang tinh mo
ta cong nghé hon la phan tich co ché va gia
tri tng dung [16, 21]. Piéu nay dan dén mot
khoang trong dang ké trong viéc hiéu rd vai tro
thuc su cua AI nhu mét cong cu cau ndi gitra
YHCT va y hoc hién dai. Xuat phat tir nhirng
khoang trong trén, nghién ciru nay duoc thuc
hién v6i muc tiéu tong hop va phan tich mot
cach hé thong cac tng dung cua Al trong ca
thé hoa diéu tri YHCT, khong chi dimg & viée
mo ta cong nghé ma con 1am 16 cic co ché ky
thuat cot 16i, kha nang tich hop vao quy trinh
lam sang va vai tro trong viéc thuc day y hoc
dwa trén bang ching. Cu thé, nghién ctru tap



trung vao hai muc ti€u chinh: (i) phan tich vai
trd ciia Al trong chuan hoa chan doan thong qua
s6 hoa hé théng “Tir chan” va mo hinh hoa bién
chimg luan tri; va (i1) lam rd cac phuong phap
Al trong ca thé hoa bai thudc, va Al trong YHCT
voi y hoc thuc chimg (EBM). Thong qua do,
nghién ciru hudng tdi xay dung mot khung tiép
can tich hop, gép phan dinh huéng phit trién va
ung dung Al trong YHCT theo hudng khoa hoc,
chuan hod va c6 gié tri 1am sang.

11, POI TUONG VA PHUONG PHAP
TONG QUAN

Thiét ké va pham vi:

Téng quan mo ta co cau tric (narrative
review) theo khung IMRAD, mé ta va tong
hop dinh tinh bang ching 1am sang mé&i nhat
veé ung dung tri tu¢ nhan tao trong ca thé hoa
diéu tri bang YHCT tinh dén 03/2026.

Phwong phap tim kiém

Nguén dit liéu: PubMed/MEDLINE,
Cochrane Library va Web of Science.

Twr khoa va toén tu:

("Artificial Intelligence"” OR "AI" OR
"Machine Learning" OR "Deep Learning" OR
"Neural Networks" OR "Natural Language

Processing" OR "NLP" OR "Large Language
Models" OR "LLM")

AND ("Traditional Chinese Medicine"
OR "TCM" OR "Traditional Medicine"
OR "Herbal Medicine" OR "Syndrome
Differentiation" OR "Pulse Diagnosis" OR
"Tongue Diagnosis")

AND  ("Precision Medicine" OR
"Personalized Medicine" OR "Individualized
Treatment" OR "Customized Therapy")

Tiéu chuan lya chon va loai trir:

Tiéu chuan lva chon:
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Bang 1: Tiéu chi lwa chgn nghién ciru
dwa vao tong quan theo khung PICO

Tha}\nh Tiéu chuin lua chon
phan d *

Péi Céc nghién ciru vé cong cu tri tug
i (P) nhén tao (Al) trong Y hoc ¢O truyén,
ng tap trung vao c4 thé hod diéu tri.
Can thié Céqg cu chan doén Al don thudc ca

O P | hé hoa, hoic cic can thiép tri licu
chinh xac.
. Chan doan YHCT théng thuomg, cic
So sanh g & 2 iR g
(©) bai thu?c chuan theo duoc dién hoac
doi chung voi chuyén gia.
; ; Do chinh xac cua phan biét hoi
Keét qua hi " s Am 3 -
(0) chung, hi¢u qxqa am sang, ti 1an
toan hogc t01 uu héa phac do.

Tiéu chuan loai trir: Cac nghién ciru YHCT
chi st dung cac phuong phap théng ké truyén
thong (nhu t-test, ANOVA) ma khong tng
dung thuat toan Al hoac Hoc may; cac bai
tom tit hoi nghi khong cé toan van, thu gui
bién tap vién, bai binh luan hodc quan diém
ca nhan; cac nghién ciru thiéu mo ta chi tiét
vé phuwong phap luan va cac bai viét binh luan
khong c6 dit liéu; nghién ciru chirng minh khai
niém, tinh hop 1€ hoac tinh kha thi

Quy trinh sang loc va trich xuét

Pé xac dinh céc linh vuc khai niém trong
van dé nghién ctru nay, chiing toi da ap dung
huéng dan cia To chirc Y t€ Thé gidi vé dao
dac va quan tri Al cho strc khoe, dinh nghia vé
Al (dua trén khuyén nghi cia Ho1 déng Tri tué
Nhén tao cta cac quoc gia thude T6 chirc Hop
tac va Phat trién Kinh té) [42,43]: “Hé thong
Tri tué Nhan tao (AI) 1a mot hé thong dya trén
may moc, ¢d kha nang dua ra cac du doan,
khuyén nghi hodc quyét dinh c6 anh hudng
dén cac moi trudng thuc hodc méi truong ao
d6i véi mot tap hop cac muc tiéu do con nguoi
xéc dinh. Céc hé thong Al duoc thiét ké dé van
hanh véi cac muce do tu chua khac nhau.” [42].
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Ciac dir liéu sau diy da dwoc trich xuét:

1. Thél}g tin chung: tac gia, nam xuat ban, quoc gia, boi canh 1am sang, muc tiéu nghién ciru
va thict ke nghién ctru

2. Céc loai va ing dung ctia Al: cong nghé Al duoc st dung, loai mo6 hinh Al loai nhiém
vu do Al thuc hién, mirc d6 tu chi hanh dong, muc dich st dung Al va nguoi dung Al du dinh

3. Quy trinh trién khai: trong tdm nghién ctru, dong co trién khai, cac yéu to trong quy trinh
trien khai va cac khung ly thuyéet dugc st dung

, Hai ngl}ién cuu Vi,én doc lé,p tién hanh sang loc tiéu dé - térp tat, doc toan van Ya‘l trich xué:[

50 li¢u. D61 chimg két qua, néu c6 bat dong dugc giai quyet bang thao luan va kiém tra lai dé
khang dinh so0 liéu chuan.
11 KET QUA

Bang 2: Thong tin chung vé cic nghién ciru dwa vao tong quan

Niam Tén Quéc Lo
T;\ ho A 3 3 - > s = A
SIT én nghién ciru oBtbin| e gl g nghcﬁulen
Integrating artificial intelligence into the modernization ZhouE (En| Trung | ..z
: of traditional Chinese medicine industry: a review [21] 2024 Zhou), Quéc, Tonggnan
) Artificial intelligence in traditional medicine: evidence, 2005 Ketmanee | Thai Tonp avai
barriers, and a research roadmap for personalized care [12] Jongjiamdee | Lan g4
: .. . .. Zhilin Trung | ..z
, . 7 F
3 | Al empowering traditional Chinese medicine? [2] 2024 S Quék, Tong quan

Progress in the application of Al in the standardization of

4 | traditional Chinese medicine; A review based on machine 2025 Aiangiong | Tng 1 Eonp qum

Meng, Quéc | hé théng

_|leamingand deep leaming [22] § | s | A
5 Artificial Intelligence-Based Traditional Chinese Medicine 2020 Hong Trung | Nghién clru
Assistive Diagnostic System: Validation Study [23] Zhang, Quoc tham dinh
A systematic literature review and classification of R Téng quan
6 knowledge discovery in traditional medicine [24] 2019 Goli A, Lo hé théng_
Developing the Artificial Intelligence Method and Nohié
" . . T e ghién
7 System for “Multiple Discases Holistic Differentiation 2005 e Chien Trut}g i
in Traditional Chinese Medicine and Its Interpretability cLhe Quoc Cm,l °
3 2 i hinh
to Clinical Decision [25]
Development and application of artificial intelligence in Anxin Trung | ..z
S traditional Chinese medicine research and development [26] 0 Wang, Qudc Tt?)ng S
9 The Use of Artificial Intelligence in Complementary and 2002 Hongmin Han Tong quan
Alternative Medicine: A Systematic Scoping Review [27] Chu, Quoc | hé thong

When Traditional Medicine Meets Al: Critical Valin Trun Nghién
10 |Considerations for AI-Empowered Clinical Support in 2025 o, & Qué f ciu dinh
Traditional Medicine [ 10] ’ ’ tinh.

Artificial intelligence in traditional Chinese medicine:

from systems biological mechanism discovery, real- Dengying | Trung |...:

world clinical evidence inference to personalized clinical e 'Yan Qudc R
decision support [28]
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3.1 Két qua tim kiém dir li¢u

Tong cong 11 ~nghién ctu duge dua vao
phan tich trong tong quan nay. Vé loai hinh
nghién ctru, phan 16n 1a cac bai tong quan (n =
5)[2, 12, 21, 26, 28], 3 nghién ctru tong quan
hé thong [22, 24, 27]. Ngoai ra, c6 1 nghién
ctru md hinh [25], 1 nghién ctru tham dinh [23]
va 1 nghién ciru dinh tinh [10]. Cach phan b
nay cho thay linh vuc tmg dung Al trong Y hoc
co truyén hién van dang ¢ giai doan tong hop
bang chimg va phat trién phuong phap, véi
so lugng nghién ctru thuc nghiém con tuong
d6i han ché. Cac nghién ciru chu yéu tap trung
tai Trung Qudc (chiém 72,7%), phan anh vai
tro dan dit cia qudc gia nay trong viéc phat
trién va mg dung tri tué nhan tao vao Y hoc ¢
truyén, dic biét trong bdi canh Y hoc ¢o truyén
Trung Qudc c¢6 hé thong 1y luén va dit liéu 1am
sang twong d6i hoan chinh. Bén canh dé, cac
nghién ctru tir Thai Lan, Han Qudc va Iran cho
thiy xu hudng mé rong cia linh vyc nay ra
ngoai Trung Qudc, tuy nhién quy mé va mic
d6 tng dung van con khiém tén hon.

3.2 AI trong chuin hoa chin dosin
(pattern diagnosis)

Co ché ¢t 16i cua tri tué nhan tao (AI) trong
chuan hoa chan do4n Y hoc cb truyén (YHCT)
c6 thé dugc khai quat nhu mot quy trinh da
tang, bao gom: (i) chuan hoa thu nhan dir liéu
1am sang, (ii) cau tric hoa dit liéu phi cau tric,
(i) mo6 hinh hod suy ludn bién ching, (iv)
tich hop tri thitc chuyén gia va (v) hop nhat
da phuong thirc. Chudi xur ly nay cho phép
chuyén hoa hé théng chan doan mang tinh
kinh nghiém thanh mot hé théng dinh lrong,
c6 kha nang tai lap va kiém chimg [22, 25].

Al thyc hién khach quan ho4 hé thong “Ttr
chan” thong qua cac thiét bi thu nhan dit liéu
s6 hoa [22]. Trong vong chan, cac hé thong
camera do phan giai cao két hop vdi thuat toan
thi gidc may tinh, dac biét la mang no-ron tich
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chap (CNN), duoc st dung dé phan tich cac
dac trung hinh thai nhu sac mat, hinh thé va
ddc biét 1a hinh anh ludi [11]. Cac dic diém
nhu mau séc, hinh dang va cu tric réu ludi
duoc trich xuat va anh xa vao cac khong gian
dac trung (feature space), cho phép phan loai
cac trang thai bénh Iy nhu am hu hodc duong
hu v6i d chinh xdc cao [22, 25]. Trong thiét
chan, cdc cam bién sinh hoc va thiét bi deo
thong minh ghi nhan tin hiéu séng mach dudi
dang dit 1i€u thot gian thuc; cac thuat toan hoc
may sau d6 xir 1y tin hiéu nay dé suy ra céc
tham sd dinh lugng phan anh dac tinh mach
nhuv d6 sdu, tan s6 va cuong do [11, 24]. Péi
v6i van chan va van chan, cong nghé nhan
dang giong no6i va xu ly ngdn nglr ty nhién
(NLP) dugc trién khai nhim phan tich dic
diém am thanh sinh ly (giong néi, hoi thd) va
chuan hoa qua trinh khai thac bénh sir thong
qua cac hé thong tuwong tac ngudi-may [22,
23, 26]. Nho do, toan b6 dit lidu dau vao cua
“Ttr chan” dugc chuyén d6i thanh dit liéu sb
c6 cau triic va c6 thé xir ly tw dong.

Trén co so dit liéu thu nhan, Al tién hanh
trich xuit va chuan hoa cac thuc thé y hoc tur
nguf”m dir liéu phi cau trac, dac biét 1a bénh an
dién tir (Electronic Medical Records — EMR)
[29] . Cac m6 hinh nhan dién thuc thé y sinh
hoc (Biomedical Named Entity Recognition —
BioNER), dién hinh nhu kién trac BiLSTM-
CRF hoic cac bién thé dua trén Transformer,
dugc st dung dé tu dong nhan dién va phéan
loai cac thanh phan 1am sang nhu triéu chimg,
d4u hiéu va chan doan [23, 28]. Sau khi duoc
trich xudt, cac thuc thé nay duoc chuan hoa
thong qua céac tir dién thuat ngi hodc ontology
chuyén nganh, dong thoi duwoc ma hoa thanh
cac vecto dic trung trong khong gian nhiéu
chiéu [25, 26]. Qua trinh vecto hoa nay dong
vai tro nén tang cho viéc mo hinh hoa méi
quan hé giira cac bién 1am sang va hd tro cac
thuat toan hoc may trong giai doan suy ludn
tiép theo [23, 29]. Budc trung tdm cla co ché
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chuan hoa 1a mé hinh hod logic “bién chimg
luan tri”, trong do Al tai hién qua trinh suy
luan 1am sang cua thay thuéc YHCT. Cac mo
hinh phan loai da nhan va da tang (multi-label,
hierarchical classification) [25], tiéu biéu nhu
caché théng chan doan da bénh — da hoi ching,
cho phép anh xa dong thoi cac tap hop tridu
ching phirc tap vao nhiéu hoi chimg tuong
g [23]. Pong thoi, cac kién tric hoc sau nhu
CNN, RNN va cac md6 hinh ngén ngir dya trén
Transformer (vi du: BERT) dwoc huan luyén
trén quy mo lén dit liéu bénh an nham phat
hién cac miu an va cac moi twong quan phi
tuyén giira cac thanh phan “Bénh — Chang —
Duogc” [11, 26]. Nho kha nang hoc biéu dién
(representation learning), cac mo6 hinh nay co
thé nam bat dugc cau tric tiém an cua dir licu
ma céc phuong phap suy luan truyén thong
khé nhan dién [28].

Dé dam bao tinh nhat quan véi ly luan
YHCT va khic phuc han ché vé tinh giai thich
cua cac mod hinh hoc sau, Al thuong duoc
trien khai dudi dang cac hé thong lai (hybrid
systems), két hop gitta moé hinh dir liéu va tri
thirc chuyén gia [25]. Cu thé, cac quy tac dudi
dang ciu tric logic “néu — thi” (IF-THEN)
duoc xay dung dua trén hudng dan 1am sang
va dong thuan chuyén gia, déng vai trd nhu
mot 16p kiém soat nhiam hiéu chinh hodc xac
thuc két qua tir cac mo hinh hoc may [25].
Bén canh d¢, viéc s dung db thi tri thac
(knowledge graphs) cho phép biéu dién cac
mbi quan hé da chiéu giita cac thuc thé y hoc
nhu triéu chirng, hoi ching, duoc liéu va muc
tiéu phan tir trong mot khong gian lién két
théng nhat [22, 28]. Co ché suy luan trén dd
thi khong chi nang cao kha nang dién giai cia
hé théng ma con tao diéu kién tich hop tri thire
YHCT voi cac bﬁng chung sinh hoc hién dai.
Cudi cung, Al thyc hién tich hop da phuong
thitc (multi-modal fusion) nham hop nhét cac
nguon dir liéu di biét bao gdm hinh anh, tin
hiéu sinh hoc, am thanh va van ban vao mot mo
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hinh phan tich thong nhat [2, 28]. Thong qua
cac ky thuat hop nhat dic trung (feature-level
fusion) hozc hop nhat quyét dinh (decision-
level fusion) [19], hé théng c6 kha nang tai
hién mét cach toan dién quy trinh tu duy chan
doan cua thay thuéc YHCT. Cach tiép can da
phuong thirc nay khong chi cai thién d6 chinh
xédc chan doan ma con dam bao rang két luan
dua ra vira mang tinh ca thé hod, vira tuan thi
céc nguyén tac chuan hoa cia hé thong 1y luan
YHCT [30].

3.3 AI trong c4 thé hoa bai thuéc YHCT
3.3.1 Xdy dung hé thong Al trong YHCT

Cé thé hoa bai thudc trong YHCT dua
trén tri tué nhan tao c6 thé dugc méd hinh hoa
nhu mot bai toan tdi wu hoa da muc tiéu trén
khong gian t6 hop 16n, trong d6 dau vao 1a
cac dac trung 1am sang va sinh hoc cua bénh
nhan, con dau ra 13 mot tap hop duogc liéu kém
theo c4u hinh liéu lugng t6i wu. Qué trinh nay
bao gdm cac budc chinh: biéu dién dir liéu
(representation), m6 hinh hoa quan hé (relation
modeling), sinh va t6i wu to hop (generation &
optimization), va danh gia da tiéu chi (multi-
objective evaluation) [11]. O cap d6 biéu dién,
dit li€u bénh nhan (tri€u ching, héi ching,
chi s sinh hoc) va tri thirc duoc li€u (thanh
phan hoa hoc, muc tiéu phan tir, tinh vi quy
kinh) dugc anh xa vao cac khong gian vector
thong qua cac k¥ thuat embedding [2, 24]. Cac
phwong phap phd bién bao gdm Word2Vec/
BERT cho dit liéu van ban lam sang va graph
embedding (nhuv Node2Vec, TransE) cho
mang ludi “Triéu chirtng — HO1 chirng — Duoc
liéu” [28]. Viéc chuan hoa biéu dién nay cho
phép céac thuc thé di biét duogc tich hop trong
cing mot khong gian tinh toan, tao tién dé cho
céc bude suy luan tiép theo.

Trén nén tang d6, cac md hinh Al tién
hanh hoc cau trac quan hé gitra cac thuc thé



thong qua céc kién tric hoc sdu va hoc trén
d6 thi. Cac mang than kinh d6 thi (Graph
Neural Networks — GNN) dugc s dung dé
khai thac mdi lién két da chiéu gitra bénh, muc
tiéu sinh hoc va duogc liéu, trong khi cac md
hinh chudi nhu Recurrent Neural Networks
(RNN) hoac Transformer m6 phong trinh tu
suy luan 1am sang tir triéu chting dén bai thude
[2, 10]. Pic biét, co ché attention cho phép
mo hinh gan trong s6 khac nhau cho tirng triéu
chtng hoic thanh phan, qua d6 phan anh mirc
dd quan trong cua ching trong qua trinh ra
quyét dinh [2, 26]. Trong giai doan sinh bai
thuc, bai toan duoc tiép can theo hai hudng
chinh. Huéng thd nhat 1a mé hinh khuyén
nghi (recommendation systems), trong do bai
thude dwoc xem nhu mot tap hop cac “item”
(duoc li€u), va nhiém vu cia mo hinh la du
doan xac suét Iva chon tung vi thudc dwa trén
hd so bénh nhan [11, 26]. Cac ky thuat nhur
collaborative filtering, matrix factorization va
deep recommendation dugc mod rong dé xir
ly dit li€u y hoc. Hudng thtr hai 12 mo hinh
sinh (generative models), trong do cac kién
trac nhu Variational Autoencoders (VAE),
Generative Adversarial Networks (GAN) hoac
Transformer-based generators dugc su dung
dé tao ra céac t6 hop duogc liéu méi, khong bi
gidi han bai cac bai thude co san [22]. Mot
so hé thong lai con két hop co ché truy xuat
tri thuc (retrieval-based) vo6i1 sinh tw dong
(generation-based), nham can bang gifta tinh
ké thira va kha nang kham pha [4].

Pé giai quyét tinh chat to hop va phi tuyén
cia bai toan, cac thuat toan toi wu hoa nhu
Genetic Algorithms (GA), Reinforcement
Learning (RL) hoac Bayesian Optimization
duoc tich hop nham tim kiém cau hinh bai
thude t6i wu trong khong gian nghiém rat 16n
[11, 19, 22]. Trong d6, mdi “ca thé” dai dién
cho mét bai thudc cu thé, dwoc danh gia dua
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trén nhiéu tiéu chi nhw hiéu qua diéu tri dy
doan, do an toan va muac do phu hop vdi ly
luan YHCT. Cach tiép cén nay cho phép mo
hinh khéng chi lya chon thanh phan ma con
diéu chinh liéu lugng mot cach dong, thong
qua cac ham muc tiéu da chiéu [11].

3.3.2 T6i wu hod liéu wong va dam bao an tocm

Vé mit k§ thuat, ddy 1a mot bai toan t6i wu
da bién, trong d6 liéu luong cia tirng vi thude
duoc diéu chinh dya trén sy tuong tac gilta
dac tinh dugc ly, dac diém sinh hoc cua bénh
nhan va muc tiéu diéu tri cu thé [11]. Trong
thuc hanh 1am sang, viéc gia giam liéu luong
thuong dua trén kinh nghiém va cam nhan cua
thay thudc, vdi cac yéu td nhu thé trang, mirc
d6 bénh va kha nang dung nap. Al cho phép
luong hoa va hé thdng hoa qua trinh nay thong
qua viéc tich hop cac dir liéu ADMI da chiéu,
bao gém dac tinh duoc dong hoc (hoa tan, ha”ip
thu, phan bd), dic diém sinh 1y ca thé (tudi,
chirc nang gan than, chuyén hoa) va dap ung
diéu tri trude d6 [4, 22, 26]. Cac mo hinh hoc
may, dic biét 1a cac thuat toan tdi wu hod nhu
Bayesian optimization hoac reinforcement
learning, c6 kha ning tim kiém c4u hinh liéu
t61 wu bang cach cin bang giira hiéu qua diéu
tr1 du doan va nguy co tdc dung khong mong
mubn [22, 28]. Trong bdi canh lam sang,
diéu nay gitp chuyén d6i qua trinh “gia giam
phuong t&” tir kinh nghiém dinh tinh sang mot
chién lugc diéu chinh lidu dua trén dit liéu, co
kha nang ca thé hoa theo tung bénh nhan va
tung giai doan bénh.

Song song véi ti ru hoa hiéu qua, Al déng
vai tro then chdt trong viéc du bao va kiém
soat an toan cua bai thubc. Cac mo hinh hoc
sau duoc huan luyén trén dit liéu 16n vé twong
tac duoc liéu — duogc liéu va duogc liéu — sinh
hoc ¢6 kha ning nhan dién cac mau twong tac
bat lgi (Herb-Drug Interactions — HDI) ciing
nhu du doan nguy co ddc tinh, dac biét 1a doc

|25



;ﬁi BAI NGHIEN CUU

tinh trén gan (Drug-Induced Liver Injury —
DILI) [2, 12]. Cac kién triic nhu graph neural
networks (GNN) hodc deep ensemble models
cho phép khai thac mdi quan hé phtc tap giiia
cac thanh phan trong bai thudc va cac muc tiéu
sinh hoc, tir d6 wéc luong xac suit xay ra phan
{ig bét loi trong tirng cAu hinh cy thé [11]. Ung
dung 1am sang ciia co ché nay dic biét quan
trong trong cac truong hop bénh nhan sir dung
déng thoi nhiéu loai thude hodc ¢ bénh nén, noi
nguy co tuong tac va doc tinh tang cao.

Ngoai ra, Al con cho phép mé phong tac
dong mang luéi cua bai thudc thong qua
cac md hinh dugc ly hé théng (network
pharmacology) [11]. Thay vi xem xét tig vi
thudc mot cach riéng 18, cac mé hinh nay phan
tich toan bo mang ludi “duoc liéu — hop chat —
muc tiéu — duong tin hiéu”, qua d6 lam ro cac
hiéu ung hiép dong (synergistic effects) hoic
d6i khang (antagonistic effects) giira cac thanh
phan [22]. Vé mit 1am sang, diéu nay gitp giai
thich va t6i wu hoa cac nguyén tic phdi ngii
nhu “quan — than — t4 — s, dong thoi hd tro
thay thudc diéu chinh bai thudc theo hudéng
tang cuong hiéu qua diéu tri hodc giam thiéu
tac dung phu.

3.3.3 Tinh dién gidi ctia hé thong Al trong
cd thé hod bai thuoc

Maic du cac mo hinh Al hién dai dat duoc
hiéu ning cao trong duy doan va t6i wu hoa,
tinh dién giai (interpretability) van 13 mot
thach thirc then chdt trong ing dung 14m sang,
dic biét trong YHCT —noi cac quyét dinh diéu
tri can duoc ly giai rd rang theo nguyén ly bién
chung. Viéc trién khai cdc md hinh “hop den”
ma thiéu kha nang giai thich c6 thé lam giam
niém tin cta thay thudc va han ché kha ning
tich hop vao thuc hanh [10]. Dé giai quyét van
dé nay, cac hé thong Al thé hé méi da tich hop
cac k¥ thuat Explainable Al (XAI), cho phép
truy vét va dién giai qua trinh suy luan cua md
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hinh. Mot hudng tiép can noi bat 13 st dung
do thi tri thirc két hop véi cac “dudng dan suy
luan” (meta-paths), trong d6 mdi dé xuat bai
thudc duogc lién két véi chudi quan hé tir triéu
ching 1am sang dén hoi chimg, tir hdi chirng
dén muc tiéu sinh hoc, va cudi cung dén lua
chon dugc liéu [10, 28]. Cach biéu dién nay
khong chi phan anh logic “bién chung luan
tri” truyén thong ma con tich hop bang chimg
tir duoc ly hién dai, tao ra mét khung suy luan
da tang c6 thé kiém chtng; dic biét trong bbi
canh 1am sang, kha ning dién gidi ndy mang
lai gia tri thuc tién 16 rét: théy thube khong
chi nhan dugc mot khuyén nghi don thuan, ma
con ¢é thé hiéu duoc co so cua quyét dinh do,
tur d6 danh gia muirc do phu hop véi ting bénh
nhan cy thé. Quan trong hon, cac hé thong Al
hién dai duoc thiét ké theo hudng twong tc,
cho phép thay thudc can thiép truc tiép vao
qua trinh ra quyét dinh, bao gém viéc diéu
chinh, bo sung hoac loai bd cac vi thudc dua
trén kinh nghiém 1am sang [19]. Co ché nay
hinh thanh m6t md hinh hgp tac nguodi—may
(human-in-the-loop), trong do Al dong vai tro
hd tro phén tich va goi y, con thay thudc giir
vai tro quyét dinh cudi clng.

IV. BAN LUAN

4.1 Vai tro cua tri tu¢ nhan tao (Al) trong
thuc day y hoc dwa trén bang chirng (EBM)
trong Y hoc co truyén

T goc nhin nghién ciru, han ché ¢t 16i cua
Y hoc ¢6 truyén (YHCT) trong tién trinh hoi
nhap véi y hoc hién dai khong nam & hiéu qua
diéu tri, ma & kha nang chuin hoa va ching
minh hiéu qua d6 theo cac tiéu chuan cua y
hoc dya trén bang ching (Evidence-based
Medicine — EBM) [31]. Su xuat hién cua tri tué
nhan tao (AI) da tao ra mot budc chuyén mang
tinh phuong phap luan, cho phép chuyén hoé
hé thong tri thitc mang tinh kinh nghiém thanh



mot hé thong co thé dinh lwong, kiém ching
va tai lap [32]. AI mé ra kha nang khai thac
bang chimg tir dit liéu 1am sang thuc té & quy
mo ma trudc day khoé co thé dat duoc. Thay
vi phu thudc gan nhu tuyét ddi vao cac thi
nghiém 1am sang ngau nhién vén gip nhiéu
han ché khi &p dung cho YHCT do tinh c4 thé
hod cao, cdc md hinh hoc may cho phép trich
xuat tin hiéu hiéu qua diéu tri tir bénh an dién
tor va dir liéu thuc hanh thuong quy [33-35].
Diéu quan trong & day khong chi 1a khéi luong
di li€u, ma la kha nang kiém soat nhiéu, nhan
dién mau hinh va suy luan nhan qua ¢ mirc do
chép nhéan duoc vé mit khoa hoc [36].

Song song v6i do, Al giai quyét truc tiép mét
diém nghén lau dai cia YHCT, d6 la tinh chu
quan trong chan doan. Viéc s6 hoa “Tt chan”
khéng don thuan 1a ing dung cong nghé, ma la
mot qué trinh chuyén dbi ban chét di liéu: tir
cam nhan dinh tinh sang thong tin dinh luong
c¢6 thé chuan hoa [37, 38]. Khi cac dic diém
nhu ludi, mach hay giong néi duoc biéu dién
dudi dang tin hiéu sb va duoc phan tich nhat
quan, chan doan YHCT bt dau dat duwoc mot
murc do 1ap lai can thiét dé tham gia vao khung
EBM [39, 40]. Pay la diéu kién tién quyét, boi
khong c6 chan doan chuan hoa thi khong thé
c6 bang chitng dang tin cay. Thong qua cac mod
hinh mang ludi va hoc sau, mdi lién hé gitta
biéu hién 1am sang va cac qua trinh sinh hoc
& cap do phan tir duoc phan tich; lam sang to
co ché tac dong cta cac bai thudc, von tir 1au
bi xem 1a “hop den” [41, 42]. Piéu nay khong
chi ¢6 y nghia vé& mit hoc thuit, ma con truc
tiép nang cao chat luong suy luan lam sang,
khi cac quyét dinh diéu tri duoc dua vao ca ly
luan YHCT va béng chirng sinh hoc hién dai.

Cudi cung, viéc dam bao an toan va kiém
soat chét lwong 1a hai tru cot khong thé thiéu
cua EBM ciing d3 dwoc cung c¢d dang ké nho
vao su phat trién ctua Al [43]. Kha ning du
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bao ddc tinh, nhan dién twong tac bat loi va
chuan hoa duoc liéu gitp giam thiéu cac bién
thién khong kiém soat trong diéu tri, tr d6
nang cao dd tin cdy cua ca thyc hanh 1am sang
1an nghién ciru [35]. Do d6 viéc ing dung Al
trong 1am sang khong 1am thay doi ban chat
cia YHCT, ma lam thay doi cach ching ta
hiéu, do luong va kiém chimg né [26]. Khi dix
liéu 1am sang duoc chuan hoa, co ché duoc
lam sang to va két qua diéu tri duoc lugng
hoa, YHCT c6 du diéu kién dé duoc danh gia
trong cung mot khung khoa hoc vdi y hoc hién
dai. Pay chinh la tién dé quan trong dé chuyén
tor “y hoc kinh nghiém” sang “y hoc dua trén
béng chimg” mot cach thuc chét, thay vi chi
mang tinh hinh thirc.

4.2 Thach thirc cia AI trong diéu tri lam
sang YHCT

Mic du tri tué nhan tao mé ra trién vong
dang ké trong viéc chuan hoa va ching minh
hiéu qua cia Y hoc co truyén theo khung y
hoc dya trén bang ching, viéc trién khai trong
thue tién van d6i mit vai cac thach thire mang
tinh hé théng. Rao can co ban 1a chat lugng
va tinh dong nhat cta dir liéu 1am sang [44].
Dit liéu 1dm sang trong YHCT phan 1én duoc
ghi nhan dudi dang phi ciu tric, khong dong
nhat vé thuat ngtt, va chiu anh hudng dang
ké tir di biét giira cac truong phai cling nhu
kinh nghiém c4 nhan cua thay thudc. Su thiéu
chuan hoa nay khong chi 1am giam kha niang
tich hop dit liéu da trung tdm, ma con lam gia
ting nguy co sai léch hé théng trong qua trinh
huén luyén mé hinh AI [45]. Hé qua 1a céc két
qua suy luan, du ¢ vé hop ly vé mat thong ke,
c6 thé thiéu do tin cay khi ngoai suy sang cac
bdi canh 1am sang khac nhau. Bén canh do,
phan I16n cac mo hinh AI hién nay van ding lai
6 mirc do phat hién tuong quan (correlation)
hon 14 thiét 1ap quan hé nhan qua (causality).
Trong khi EBM doi hoi bang chimg cé kha
nang suy luan nguyén nhan — két qua, thi cac
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két qua dya trén dir liéu thyuc té néu khong
duoc kiém soét chit ché vé nhiéu va yéu to
gay nhiéu (confounders) c6 thé dan dén cac
két luan thiéu chinh xac vé hiéu qua diéu tri
[46]. Day la dac biét quan trong trong YHCT,
noi can thiép thuong mang tinh da thanh phan
va da muc tiéu. Khoang cach giira hi¢u nang
du doan va kha nang dién giai ciing la mot
diém nghén dang ké. Phan 16n cac mo hinh Al
hién dai, dic biét 1a cac kién trac hoc sau, van
hanh nhu cac “hdp den”, trong d6 qua trinh
suy luan khong thé dé dang truy vét theo céc
nguyén ly bién ching cua YHCT. Trong khi
dé, thuc hanh lam sang YHCT khong chi yéu
cau “két qua dung”, ma con doi hoi “ly giai
hop ly”. Viéc thiéu kha ning giai thich theo
logic Am-Duong, tang phi hay bién chimng
luan tri lam suy giam muc do chép nhan cua
thay thudc, dong thoi han ché gia tri ing dung
thuc té ctia cac hé thdng Al bat chap hiéu nang
ky thuat. Cudi cung, khung phap ly va chuan
myc danh gia bang ching van chua theo kip
su phat trién ctia cong nghé. Hién nay, chua ¢6
c4c tiéu chuan thong nhat dé tham dinh, cong
nhan va tich hop cac bang chimg dugc tao ra
tir Al vao hudng dan 1am sang trong YHCT.
Sy thiéu hut nay khong chi dat ra thach thirc
trong viéc chuyén giao két qua nghién ciru vao
thuc hanh, ma con lam day 1én cac van dé vé
trach nhiém phap ly va dao duc khi str dung Al
trong quyét dinh diéu tri. Tong thé, Al ¢ tiém
ning thuc ddy YHCT tién gan hon dén chuan
muec ctia y hoc dua trén bang chirng, nhung chi
khi cac van dé vé dit liéu, phuong phap luan va
tich hop lam sang duoc giai quyét mot cach hé
théng. Néu khong, nguy co “chuan hoa hinh
thuc” ma thiéu nén tang khoa hoc virng chic
van sé& la mot thach thirc dang ké.

V. KET LUAN

Nghién ctru ndy cho thay tri tué nhan tao
(AI) cé tiém nang dong vai tro trung tdm trong
viéc tai cau tric nén tang phuong phéap luan
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cua Y hoc ¢d tmyén (YHCT), dac biét trong
hai tru ¢t cot 18i 1a chuan hoa chan doan va
cé thé hoa diéu tri, tir 46 cung cap bang chiing
lam sang cho y hoc thuc ching (EBM). Quan
trong hon, sy phét trién cia cac mo hinh Al
c6 kha niang dién giai, dy bao tuong tac di tao
diéu kién dé tich hop logic suy luan truyén
thong véi bang chimg sinh hoc hién dai, tir
d6 tang cuong kha nang chap nhan trong thuc
hanh lam sang, nang cao muc d6 an toan va
tinh hop ly cua phac d6 diéu tri. Tuy nhién,
cac két qua ciing cho thay viéc timg dung Al
trong YHCT khong thé tach roi khoi cac diéu
kién tién quyét vé chuan hoa dir liéu, kiém
soat sai léch va dam bao tinh dién giai; dong
thoi cling can thiét 1ap cac khung phap ly va
tiéu chuan danh gia riéng cho cac hé thong
Al trong YHCT dé dam bao kha nang tichs
hop vao 1am sang. Tong thé, Al khong thay
thé YHCT ma déng vai trdo nhu mét cong cu
ting cuong (augmentation), gitip hé thong nay
chuyén dich tir nén tang kinh nghiém sang nén
tang dir liéu va bang chiung. Day khong chi 1a
mot tién bd cong ngh¢, ma la mot budc chuyén
mang tinh chién lugc trong qua trinh hién dai
hoé va hdi nhap cua YHCT.
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AAPPLICATIONS OF ARTIFICIAL INTELLIGENCE IN PERSONALIZED
TREATMENT OF TRADITIONAL MEDICINE: A COMPREHENSIVE REVIEW

Pham Xuan Da', Nguyén Viét Nhung!, Do Hoang Ngoc Mai!
ABSTRACT

The integration of artificial intelligence (AI) into Traditional Medicine (TM) has emerged
as a promising approach to overcome inherent limitations related to subjectivity, lack of
standardization, and scarcity of scientific evidence. This study aims to analyze the technical
mechanisms through which AI contributes to diagnostic standardization and prescription
personalization, thereby driving the transformation of TM toward evidence-based medicine.
This review synthesizes recent advances in machine learning, deep learning, natural language
processing, computer vision, knowledge graphs, and graph neural networks within the context
of TM clinical practice. Focus is placed on two core domains: (i) diagnostic standardization
via the digitalization of the "Four Diagnostic Methods" and syndrome differentiation
modeling; and (i1) prescription personalization based on recommendation models, generative
models, and multi-objective optimization algorithms. The findings indicate that Al enables
the transformation of experience-based diagnostic workflows into quantitative, reproducible
systems by converting heterogeneous clinical data into structured formats. In treatment, Al
supports the selection and optimization of herbal formulation dosages while predicting toxicity,
herb-drug interactions, and synergistic effects through network pharmacology. Despite ongoing
challenges regarding model interpretability and raw data quality, the synergy between advanced
technology and traditional knowledge establishes a robust foundation for precision medicine,
driving the modernization and global integration of traditional medicine.

Keywords: Artificial intelligence; Traditional medicine; Syndrome differentiation;
Personalized treatment; Evidence-based medicine.

I. INTRODUCTION

In recent decades, artificial intelligence (AI) has emerged as one of the foundational
technologies driving digital transformation in medicine, within which Traditional Medicine
(TM) has increasingly drawn considerable research attention [1]. The rapid increase in scientific
publications shows that the trend of integrating Al into TM is no longer limited to isolated
experiments but is gradually forming a systematic research direction [1, 2]. Recent literature
indicates that Al has been applied to multiple dimensions of TM, including computer-aided
diagnosis, objectification of the "Four Diagnostic Methods",electronic health record analysis, and
herbal prescription optimization [3-5]. In particular, the advancement of deep learning, natural
language processing (NLP), and graph learning techniques has enabled efficient exploitation
of the complex and heterogeneous data streams that uniquely characterize TM [6, 7]. The vast
majority of current research is concentrated in China, where a relatively comprehensive data
ecosystem and research infrastructure exist for Traditional Chinese Medicine (TCM) [8]. These
studies extend beyond algorithmic development and have begun transitioning into clinical
applications, such as Al-driven diagnostic support systems, multi-disease multi-syndrome
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modeling, and real-world data analytical
platforms [9, 10]. Furthermore, systematic
reviews and scoping reviews document
a growing expansion of Al into related
domains like complementary and alternative
medicine, highlighting the universal potential
of this technology across traditional medical
frameworks [11, 12].

In the modern healthcare landscape, a
paradigm shift from a "one-size-fits-all"
treatment model toward personalized medicine
i1s becoming a central focus [12, 13]. This
approach emphasizes tailoring therapeutic
strategies based on individual biological,
clinical, and environmental attributes to
optimize efficacy and mitigate adverse risks
[14]. Remarkably, this principle shares a
profound alignment with the foundational
essence of Traditional Medicine (TM), where
"Syndrome Differentiation and Treatment"
(*bién ching luan tri*) has long defined
personalized care based on the patient's
holistic state. However, the core divergence
lies in the fact that modern medicine deploys
personalization through quantitative datasets
and robust scientific evidence, whereas TM
relies predominantly on the clinical experience
of the practitioner [14, 15]. Concurrently,
Evidence-based Medicine (EBM) has become
the gold standard for evaluating the efficacy
and safety of medical interventions [16]. EBM
dictates that clinical decisions must rest upon
reproducible and verifiable scientific evidence
validated through rigorous methodologies
[17]. Meanwhile, TM, despite its extensive
history and practical effectiveness, faces
major hurdles when aligning with the EBM
framework due to the multi-component, multi-
target nature of herbal formulas and the high
variability in diagnosis and treatment. The
lack of standardized criteria and quantitative
metrics renders many values of TM difficult
to interpret using modern scientific language.

32| TAP CHI CHAM CUU VIET NAM

[t is precisely at the intersection of these
trends—personalization, EBM, and Al—that
the modernization of TM becomes crucial.
Modernization here does not merely mean the
technical automation of classical methods, but
the structural restructuring of TM knowledge
systems toward a quantifiable, standardized
paradigm integrated with modern biological
evidence. This demands the construction of
models capable of mapping vi mo clinical
manifestations (syndromes, visceral tang phu
states) onto vi md biological mechanisms
(molecules, signaling pathways), while
maintaining the intrinsic holistic nature of TM
[16, 18].

Although recent progress indicates that
Al possesses significant potential to assist in
diagnostic standardization and personalized
treatment  within  traditional medicine,
existing evidence exhibits critical gaps in both
methodology and practical clinical utility. Most
current investigations approach Al through
narrow, isolated tasks, focusing on distinct
facets like tongue image recognition, pulse
analysis, or prescription recommendation
[19, 20]. This fragmented approach fails to
reflect the unified and continuous nature of
TM clinical workflows, which span from
data collection and syndrome differentiation
to final therapeutic decisions. Consequently,
a comprehensive integrated analytical
framework that systematically describes the
mechanisms through which Al restructures the
entire clinical value chain of TM is missing.
Moreover, the operational linkage between
Al applications and the EBM framework has
not been fully elucidated; empirical clinical
validation or real-world efficacy evaluations of
these Al systems remain scarce, while existing
reviews remain predominantly descriptive
of technologies rather than analytical of
mechanisms and utility [16, 21]. This creates a
substantial gap in understanding the definitive



role of Al as a transitional bridge between TM and modern medicine. To address these gaps,
this scoping review systematically aggregates and analyzes Al applications in personalized TM
treatment, unboxing core technical mechanisms, workflow integration, and its role in driving
evidence-based medicine. Specifically, this study focuses on two main objectives: (i) analyzing
the role of Al in diagnostic standardization via the digitalization of the "Four Diagnostic
Methods" and syndrome differentiation modeling; and (i1) elucidating Al methodologies in
prescription personalization and establishing the interface between Al and evidence-based
medicine. Through this, the study aims to build an integrated approach framework, guiding the
scientific, standardized, and clinically valuable development of Al in traditional medicine.

II. MATERIALS AND METHODS

Study Design: This study adopts a structured narrative review methodology following the
IMRAD framework, combining a qualitative synthesis of the latest clinical and technical evidence
regarding Al applications in personalized traditional medicine treatment up to March 2026.

Search Strategy and Data Sources: Literature searches were executed across international databases,
including PubMed/MEDLINE, Cochrane Library, and Web of Science. The search strings utilized
Boolean operators as follows: ("Artificial Intelligence" OR "AI" OR "Machine Learning" OR "Deep
Learning" OR "Neural Networks" OR "Knowledge Graph") AND ("Traditional Chinese Medicine"
OR "TCM" OR "Traditional Medicine" OR "Herbal Medicine" OR "Syndrome Differentiation" OR
"Pulse Diagnosis") AND ("Precision Medicine" OR "Personalized Medicine" OR "Individualized
Treatment" OR "Customized Therapy" OR "Herbal Recommendation")

Eligibility Criteria: Inclusion and exclusion criteria were rigidly structured following the
PICO framework to guarantee scientific objectivity and selection rigor, as detailed in Table 1.

Table 1: Study Eligibility Criteria Formulated under the PICO Framework

Component Detailed Inclusion Criteria

Studies focusing on artificial intelligence (Al) tools within Traditional Medicine,

Population (P . ; .
P (P) with an emphasis on personalized care.

Al-driven diagnostic tools, personalized herbal prescription recommendation

Intervention (I 2 ot 5
M systems, or precision therapeutic interventions.

Conventional TM diagnostic workflows, standardized textbook formulas, or

Compatsun () expert physician clinical evaluations.

Syndrome differentiation accuracy, clinical therapeutic efficacy, safety metrics,
or optimization levels of treatment regimens.

Outcome (O)

Exclusion Criteria: Studies utilizing exclusively classical statistical testing (such as t-tests,
ANOVA, or simple linear regressions) without incorporating machine learning or advanced
modeling frameworks; conference abstracts, short commentaries, or un-peer-reviewed preprints.

Data Extraction and Synthesis: To systematically map out conceptual themes, data extraction
was independently executed by two reviewers using a standardized grid capturing: (1) General
characteristics (author, year, country, clinical context, study objectives); (2) Al types and
applications (algorithms deployed, model scale, task type); and (3) Deployment workflows
(motivations, bottlenecks, evaluation metrics). Discrepancies were resolved through consensus
or a senior third researcher.
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III. RESULTS

3.1 Data Search Outcomes

A total of 11 landmark studies met all predefined eligibility criteria and were included in the
deep synthesis. Characterizing the study types, the corpus comprises 5 narrative comprehensive
reviews [2, 12, 21, 26, 28], 3 systematic literature reviews / scoping reviews [22, 24, 27], 1
computational modeling study [25], 1 clinical validation study [23], and 1 qualitative/empirical
assessment [10]. This distribution indicates that Al applications in traditional medicine remain
primarily in the method development and evidence aggregation stage, with limited randomized
controlled trials. Geographical analysis reveals a dominant contribution from China (72.7%),
reflecting their centralized national funding and established data ecosystem for TCM. Emerging
contributions from Thailand, South Korea, and Iran demonstrate a growing global footprint,
though their scale remains exploratory, as detailed in Table 2.

Table 2: General Characteristics of Included Landmark Research in the Review

Study
No. Study Title / Context Year Author Country | Methodology
Type
Integrating artificial intelligence into the .
1 | modernization of traditional Chinese medicine | 2024 g0 B/ China Gy rehenswc
. . al. Review
industry: a review [21]
Artificial intelligence in traditional medicine: Joneiiamdee Comprehensive
2 | evidence, barriers, and a research roadmap for | 2025 gl Thailand mprel
; K. etal. Review
personalized care [12]
Al empowering traditional Chinese medicine? Zhilin Song, Comprehensive

[2] 2024 ctal. China Review

Progress in the application of Al in the

4 | standardization of traditional Chinese medicine: | 2025 &;ﬂgl:tnﬁ China S)I;\Seview ¢
A review based on ML and DL [22] S
Artificial Intelligence—Based Traditional Heii
5 | Chinese Medicine Assistive Diagnostic System: | 2020 Zhan ft al China | Validation Study
Validation Study [23] g ctat
A systematic literature review and classification - :
6 | ofknowledge discovery in traditional medicine | 2019 Geliduy, Iran 2 R
[24] etal. Review
Developing the Al Method and System for .
7 | Multiple Diseases Holistic Differentiation’ in | 2025 | 2 tCll‘e"’ China C"l\”/;p;‘f;"“al
TCM and Its Interpretability [25] sal ooeing
Development and application of artificial . -
8 intelligence in traditional Chinese medicine | 2026 Wi Amm: al China Congrj?cnswc
rescarch and development [26] ang, ct al. eview
The Use of Artificial Intelligence in — o
9 Complementary and Alternative Medicine: A | 2022 gm ° Scoping Review

Chu, et al. Korea

Systematic Scoping Review [27]

T
\‘b‘
2

4
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When Traditional Medicine Meets Al: Critical Yuline S

10 | Considerations for Al-Empowered Clinical | 2025 | " E:gl UM | China | Qualitative Study

Support in Traditional Medicine [10] a

Al in TM: from systems biological : :

: ) : . Dengying . Comprehensive
11 | mechanism discovery to personalized clinical | 2025 China .
) Yan, et al. Review
decision support [28]

3.2 Al in Diagnostic Standardization (Pattefn Diagnosis)

The core mechanism through which artificial intelligence standardizes traditional medicine
diagnosis canbe structured asa multi-tier pipeline: (i) standardized dataacquisition, (ii) structuring
unstructured data, (ii1) modeling dialectical reasoning, (iv) expert knowledge integration, and
(v) multi-modal data fusion. This computational pipeline effectively transforms experience-
based clinical workflows into quantitative, reproducible, and verifiable environments [22, 25].

Al objectifies the traditional "Four Examinations" through advanced digital hardware
acquisition devices [22]. In Inspection (Vong chan), high-resolution camera systems paired
with computer vision architectures—specifically Convolutional Neural Networks (CNNs)—
automatically analyze morphological features such as facial color, body constitution, and tongue
traits (coating color, moisture, and sublingual structure) [11]. These features are mapped onto
vector feature spaces, eliminating subjective illumination or observer variations and enabling
pattern classification (e.g., Yin or Yang deficiency) with high precision [22, 25]. In Palpation
(Thiét chan/Mach chan), wearable bio-sensors record real-time pulse waveforms; machine
learning algorithms filter dynamic artifacts to extract quantitative pulse parameters reflecting
depth, frequency, and strength [11, 24]. For Listening/Smelling (Véan chan) and Inquiry (Véan
chan), voice recognition and automated natural language processing (NLP) analyze physical
acoustic properties (breath sounds, vocal tone) and standardize history-taking through interactive
human-machine conversational dialogs [22, 23, 26]. Consequently, all heterogeneous inputs of
the Four Examinations are parsed into structured, actionable data streams.

Building upon this structured foundation, Al parses and extracts medical entities from
massive unstructured documents, notably Electronic Medical Records (EMRs) [29]. Biomedical
Named Entity Recognition (BioNER) frameworks—such as BiLSTM-CRF or Transformer-
based topologies (e.g., ClinicalBERT)—automatically isolate clinical symptoms, signs, and
physical parameters [23, 28]. Extracted entities are mapped to standardized '] terminologies
or ontologies and encoded into dense vector embeddings [25, 26], serving as the computational
core for multi-variable mapping [23, 29]. The central layer of diagnostic objectification
involves modeling "Syndrome Differentiation and Treatment" logic. Multi-label, hierarchical
classification models [25], such as multi-disease multi-syndrome frameworks, simultaneously
map compound symptom sets to corresponding syndromes [23]. Deep architectures (CNNs,
RNNs, and Transformers) are pre-trained on extensive clinical data to map hidden non-linear
relationships across "Disease-Syndrome-Herb" grids [11, 26]. Through representation learning,
these systems uncover latent data structures that conventional rule-based inference engines fail
to resolve [28].

To ensure alignment with established medical theory and overcome the "black-box"
limitation of deep models, Al is frequently deployed within hybrid systems that fuse data-driven
algorithms with expert knowledge grids [25]. Deterministic logical rules (IF-THEN) derived
from clinical guidelines act as a constraint layer to validate machine learning predictions [25].
Concurrently, Knowledge Graphs (KGs) explicitly represent multi-dimensional relationships
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connecting symptoms, syndromes, herbs,
and molecular targets in a unified semantic
space [22, 28]. Graph reasoning engines not
only enhance model explainability but also
bridge traditional concepts with modern
biological evidence. Finally, multi-modal data
fusion integrates disparate data streams—
including vision, voice, text, and sensor
signals—into a unified analytical matrix [2,
28]. Utilizing feature-level fusion or decision-
level fusion techniques [19], the architecture
comprehensively replicates the holistic
diagnostic reasoning of a master practitioner.
This  multi-modal approach  improves
diagnostic sensitivity while guaranteeing that
clinical conclusions remain individualized yet
strictly compliant with the standardized logic
of traditional medicine theory [30].

3.3 Al in Prescription Personalization

3.3.1 Architectural Setup of Al
Prescription Planning

Al-driven  prescription personalization
in traditional medicine can be modeled as
a multi-objective optimization task over a
massive combinatorial search space. The
system takes the patient's multi-modal clinical
and biological features as input and generates
an optimized composition of herbs with
precise dosage configurations as output. This
workflow involves representation learning,
relation modeling, generation-optimization
pipelines, and multi-criteria evaluation [11].
At the representation level, patient profiles
(symptoms, syndromes, lab indicators) and
herbal knowledge (chemical constituents,
molecular targets, traditional properties,
channel tropisms) are mapped into continuous
vector spaces via embedding models [2, 24].
Textual data is processed via Word2Vec/BERT,
while relational networks are mapped through
graph embeddings (e.g., Node2Vec, TransE)
[28]. This standardizes heterogeneous medical
parameters into a unified computational
grid, paving the way for advanced clinical
reasoning.

36 ‘TAP CHI CHAM CUU VIET NAM

Building upon these embeddings, Al
architectures ~ model  multi-dimensional
relations via deep neural networks and graph
neural networks (GNNs). GNNs are deployed
to discover multi-layered paths connecting
diseases, molecular targets, and herbs, while
sequential models (RNNs or Transformers)
simulate the logical flow from symptom
observation to formula synthesis [2, 10].
Notably, attention mechanisms allow the
system to dynamically assign varying weights
to specific symptoms, reflecting their clinical
priority during decision-making [2, 26].
During the prescription generation phase, two
distinct methodologies are utilized. The first
comprises recommendation systems, treating
herbs as separate items and predicting their
selection probability based on patient attributes
[11, 26]. Techniques like collaborative filtering,
matrix factorization, and deep recommendation are
extended to handle sparse medical matrices. The
second consists of generative models, deploying
Variational Autoencoders (VAEs), Generative
Adversarial Networks (GANs), or Transformer-
based generative decoders to synthesize novel herb
combinations unconstrained by historical templates
[22]. Specialized hybrid frameworks integrate
retrieval-based mechanisms with automated
generation to achieve a reliable balance between
historical continuity and novel discovery [4].

To solve the non-linear, combinatorial
optimization problem, optimization
algorithms such as Genetic Algorithms (GAs),
Reinforcement Learning (RL), or Bayesian
Optimization are integrated into the pipeline
to explore the vast solution space [11, 19, 22].
In an RL setup, each state maps to a patient
profile, actions represent herbal selections/
modifications, and reward functions are built
based on multi-dimensional clinical criteria—
including predicted efficacy, safety bounds,
and alignment with classical formulation
principles. This approach enables the model to
execute dynamic, real-time dosage adjustments
rather than static recommendations, tailoring
formulas to evolving clinical states [11].



3.3.2 Dosage Optimization and Safety
Assurance

Technically, prescription planning is a
multi-variable optimization problem where
the precise dosage of each herb must be
calibrated based on the interactions among
active pharmacological compounds, the
patient's individual biological characteristics,
and targeted therapeutic end-points [11].
In classical practice, dosage modification
relies heavily on qualitative experience.
Al quantifies and systematizes this process

by integrating multi-dimensional ADME
parameters, pharmacokinetics  (solubility,
absorption, distribution), individual
physiological ~ traits  (age,  metabolic

parameters, hepatic/renal function scores),
and historical treatment response logs [4, 22,
26]. Computational optimization frameworks
(Bayesian optimization or reinforcement
learning) discover optimal dosage margins by
balancing predicted clinical efficacy against
the probability of adverse toxicity [22, 28].
This transitions prescription modification
from qualitative intuition to a rigorous, data-
driven strategy personalized across distinct
disease stages.

Concurrently, Al acts as a vital safety
filter by predicting and controlling adverse
events. Deep learning architectures trained on
extensive data screens of herb-herb and herb-
biology interactions successfully identify
adverse patterns, mapping out potential Herb-
Drug Interactions (HDIs) and forecasting
toxicity risks, such as Drug-Induced Liver
Injury (DILI) [2, 12]. Graph neural networks
(GNNs) and deep ensemble models analyze
the complex interplay between compound
networks and biological pathways, calculating
risk probabilities for specific formula
configurations [11]. This clinical safety net
is crucial for polypharmacy environments
where traditional formulas and conventional
pharmaceuticals are co-administered,
significantly amplifying interaction risks.

Furthermore, Al simulates the systemic
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network mechanisms of multi-herb formulas
vianetwork pharmacologymodels[11]. Instead
of evaluating isolated herbs, these systems
map the complete "herb-compound-target-
pathway" network, uncovering the precise
synergistic or antagonistic effects among active
constituents [22]. Clinically, this explains and
optimizes classical formulation principles
like the sovereign-minister-assistant-envoy
(*quan-than-ta-su*) grid, assisting clinicians
in adjusting doses to amplify therapeutic
targets while systematically neutralizing
potential side effects [11].

3.3.3 Model Interpretability in Al-driven

Prescribing
While state-of-the-art Al models achieve
remarkable predictive accuracy, model

interpretability remains a critical barrier for
clinical adoption, especially in traditional
medicine where every clinical decision
must be strictly justified through classical
dialectical principles. Deploying opaque
"black-box" models devoid of explanatory
logic diminishes clinical trust and hinders
integration into medical practice [10]. To
resolve this bottleneck, next-generation Al
systems integrate Explainable Al (XAI)
frameworks to trace and interpret the model's
internal reasoning paths. A prominent approach
incorporates Knowledge Graphs paired
with structured reasoning meta-paths. This
architecture explicitly links each prescription
recommendation back to a causal semantic
chain: from observed symptoms to identified
syndromes, from syndromes to targeted
biological pathways, and finally to selected
herbs [10, 28]. This diagnostic justification
not only mirrors classical reasoning but
also validates choices through modern
pharmacological evidence, establishing a
verifiable multi-tier clinical interface [10].

IV. DISCUSSION

4.1 Driving Evidence-Based Medicine
(EBM) via Al Integration
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From a research perspective, the primary
obstacle facing the global integration of
traditional medicine into modern healthcare
frameworks lies not in its clinical efficacy,
but in the methodologies used to validate that
efficacy. The conventional EBM framework
relies on randomized controlled trials (RCTs)
conducted on strictly homogeneous cohorts
using static, unvarying treatment protocols.
This rigid structure conflicts with the core
philosophy of traditional medicine, which
prioritizes highly individualized care and
continuous formula modifications. Al offers a
powerful paradigm shift to bridge this gap. By
leveraging advanced analytics over Real-World
Data (RWD) harvested from extensive electronic
health record networks, Al enables robust, large-
scale empirical validation without disrupting
natural clinical workflows [11].

Concurrently, Al resolves a long-
standing bottleneck in traditional medicine:
diagnostic subjectivity. Standardizing the Four
Examinations through digital objectification
transforms  qualitative,  experience-driven
observations into structured, quantitative metrics
[22]. Translating abstract traditional concepts
(such as Qi stagnation or Blood stasis) into
measurable mathematical indices establishes a
common scientific language, allowing modern
medical practitioners to comprehend, evaluate,
and cross-verify traditional diagnostic logic.
This standard communication bridge is essential
for international integration and the inclusion
of traditional therapies within global clinical
guidelines.

Finally, clinical safety and quality
control—the twin pillars of EBM—are
significantly cung cd via Al integration.
Sophisticated network pharmacology models
and deep interaction screening tools unbox
the multi-target mechanism of complex
formulas, calculating exact safety margins and
forecasting adverse drug-herb interactions [11,
22]. This quantitative safety assurance is vital
for integrating traditional care into modern
hospital environments, ensuring optimal
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patient outcomes while strictly minimizing
safety risks.

4.2 Operational Challenges and Clinical
Bottlenecks

Despite the immense prospects opened
by artificial intelligence, its real-world
implementation within clinical workflows
faces severe challenges. The primary
bottleneck 1s raw data quality. Clinical
datasets in traditional medicine remain highly
fragmented, isolated within single centers,
and largely unstructured, consisting of free-
text notes heavily influenced by individual
clinician writing styles. An algorithm, no
matter how sophisticated, cannot generate
accurate outputs if trained on noisy,
unstandardized data ("garbage in, garbage
out"). Developing centralized national data
repositories and specialized unified ontologies
remains an absolute prerequisite for scalable
clinical deployment [10].

The second major challenge involves
bioethics, professional liability, and regulatory
frameworks. When a medication error or
adverse event occurs based on an Al-generated
recommendation, establishing accountability
presents a complex legal challenge: does the
liability rest with the prescribing physician, the
software engineers, or the medical institution?
Dedicated regulatory frameworks for software
as a medical device (SaMD) tailored for
traditional medicine remain practically non-
existent in most nations. Consequently,
establishing clear policy standards, building
centralized data architectures, and training
a new generation of "dual-competency"
professionals fluent in both medicine and data
science represent urgent, strategic priorities
for the coming decade [10].

V. CONCLUSION

This scoping review demonstrates that
artificial intelligence possesses the definitive
potential to play a transformative role in
restructuring traditional medicine. Rather than



replacing the clinical intuition of the human
practitioner, Al serves as an advanced cognitive
assistant, standardizing the Four Examinations
and transforming  qualitative  clinical
experience into a quantifiable, reproducible,
and verifiable scientific paradigm. To fully
transition these computational frameworks
into field-ready clinical tools, future initiatives
must focus on building large-scale centralized
data repositories, advancing Explainable
Al (XAI) models tailored for traditional
reasoning, and executing prospective multi-
center clinical trials to validate real-world
patient outcomes. Harmonizing advanced
big data engineering with traditional medical
wisdom represents the definitive roadmap to
elevate traditional medicine, ensuring global
integration and sustainable advancement in
the digital era.
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